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(57)Abstract: 

PROBLEM TO BE SOLVED: To maintain the output constant by monitoring the 
stack temperature of a high molecular solid electrolyte fuel cell and the air 
manifold temperature, and while controlling these temperature so that a 
temperature difference between them exists in the predetermined range. 
SOLUTION: Stack temperature Ts measured by a stack temperature sensor 1 
and air manifold temperature Tm measured by an air manifold sensor 2 are input 
to a CPU 3. The CPU 3 compares the stack temperature Ts with the air manifold 
temperature Tm, and on the basis of a result of this comparison, the CPU 3 
selectively controls operation of a temperature adjusting means such as a 
blower fan 4 for leading the air to an air supplying manifold, a cooling means 5 
for cooling a stack; a heating means 6 for heating an air supplying manifold, and 
a heating means 7 for heating an air discharge manifold. 



LEGAL STATUS [Date of request for examination] 
[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's decision of 
rejection or application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 



* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the power plant using the fuel cell with which it comes to allot an air 
pole and a fuel electrode to the both sides of the solid polymer electrolyte film 
The 1st thermometry means which measures the temperature Ts in the stack of 
a fuel cell, The 2nd thermometry means which measures the temperature Tm in 
the oxidizer gas manifold in the air pole of a fuel cell, A temperature control 
means of the stack temperature Ts and the oxidizer gas manifold temperature 
Tm to heat or cool either at least, The fuel cell power plant characterized by 
coming to have the control means which measures the stack temperature Ts 
and the oxidizer gas manifold temperature Tm which are measured by said 1st 
and 2nd thermometry means, and controls actuation of said temperature control 
means based on the comparison result. 

[Claim 2] the oxidizer gas manifold which warms a stack cooling means by which 
said temperature control means cools a fuel cell stack, and an oxidizer gas 
manifold -- warming — the fuel cell power plant of claim 1 characterized by 
including a means. 

[Claim 3] The operating method of the fuel cell power plant which is the 



operating method of the fuel cell power plant of claim 1, and is characterized by 
a control means controlling a temperature control means to maintain the 
temperature gradient of the stack temperature Ts and the oxidizer gas manifold 
temperature Tm in the predetermined range during operation of a fuel cell power 
plant. 

[Claim 4] The operating method of the fuel cell power plant which is the 
operating method of the fuel cell power plant of claim 1 , and is characterized by 
measuring the stack temperature Ts and the oxidizer gas manifold temperature 
Tm at the time of a halt of a fuel cell power plant, and a control means controlling 
a temperature control means based on the comparison result. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to a fuel cell power plant especially 
the power plant which used the solid polymer electrolyte mold fuel cell, and its 
operating method. 
[0002] 



[Description of the Prior Art] Although electromotive force is acquired by 
transmitting the inside of an electrolyte membrane for the hydrogen ion which 
the ion electric conduction film is used as an electrolyte in a solid polymer 
electrolyte mold fuel cell, and is obtained with the fuel electrode of this fuel cell to 
an air pole side with the gestalt of a proton, in order to obtain the stable high 
power, it is important to hold this electrolyte membrane in the condition that the 
always optimal moisture was included in homogeneity. 
[0003] For this reason, generally the approach of humidifying fuel gas 
(hydrogen) or oxidizing agent gas (air or oxygen) conventionally using 
humidifiers, such as bubbling equipment, and humidifying an electrolyte 
membrane by letting this humidified gas pass to an electrolyte membrane is 
adopted. 
[0004] 

[Problem(s) to be Solved by the Invention] However, during operation of a fuel 
cell stack, the temperature Ts (as temperature representing a stack, it detects 
with the temperature sensor of a stack mostly installed in the central eel) inside a 
stack becomes higher than the temperature Tm (for example, it detects with the 
temperature sensor installed in at least an oxidant gas discharge side or one 
side of a supply side manifold) of the stack exterior, i.e., the temperature inside a 
gas manifold, namely, serves as Ts>Tm in many cases. 



[0005] When it came to Ts>Tm, moisture solidified within the gas supply 
manifold, humidifying [ of an electrolyte membrane ] became inadequate, 
membrane resistance went up, and there was a problem that a cell output 
declined. 

[0006] When gas was cooled in gas supply or a discharge manifold, the moisture 
in gas solidified on the other hand and waterdrop was produced, there was a 
problem of this water condensation having blockaded the gas passageway on 
an electrode, and reducing a eel electrical potential difference. 
[0007] Especially, in the air pole, since water was generated by the cell reaction, 
the above-mentioned phenomenon had occurred notably in the air manifold. 
[0008] Since the humidification by distributed gas and the water supply to the 
stack by the generation water of a cell reaction stop when suspending operation 
of a power plant, a stack dries, at the time of resumption of operation, the 
membrane resistance of an electrolyte membrane goes up and sufficient output 
is not obtained. 

[0009] Moreover, since stack temperature falls, the feedwater or generation 
water for humidification may stagnate to a gas passageway, and after shutdown 
may blockade a gas passageway at the time of resumption of operation. 
[0010] Furthermore, when operation of a power plant is suspended for a long 
time, the moisture maintenance condition in a stack is influenced by the OAT. 



For example, when outside air temperature is an elevated temperature like a 
summer, the maintenance water in a stack runs short by evaporation, and since 
it is in the condition that the electrolyte membrane dried, sufficient output is not 
obtained after starting until it makes an electrolyte membrane into a moderate 
damp or wet condition with a humidifier again. 
[0011] On the contrary, like winter, when outside air temperature is low, time 
amount may be taken to hold moisture superfluously at the gas passageway on 
an electrode, and for the stack temperature Ts after starting to fully rise, and a 
gas passageway may be blockaded in the meantime. 
[0012] 

[Means for Solving the Problem] Then, in a solid polymer electrolyte membrane 
type fuel cell power plant, this invention carries out regulating automatically of 
the moisture content in a stack appropriately during the operation, and aims at 
holding a fixed output. 

[0013] Moreover, the moisture of optimum dose is made to hold in a stack at the 
time of a halt of a fuel cell power plant, and it aims at raising starting nature. 
[0014] Namely, this invention is set to the power plant using the fuel cell with 
which it comes to allot an air pole and a fuel electrode to the both sides of the 
solid polymer electrolyte film. The 1st thermometry means which measures the 
temperature Ts in the stack of a fuel cell, The 2nd thermometry means which 



measures the temperature Tm in the oxidizer gas manifold in the air pole of a 
fuel cell, A temperature control means of the stack temperature Ts and the 
oxidizer gas manifold temperature Tm to heat or cool either at least, It is the fuel 
cell power plant characterized by coming to have the control means which 
measures the stack temperature Ts and the oxidizer gas manifold temperature 
Tm which are measured by the 1st and 2nd thermometry means, and controls 
actuation of a temperature control means based on the comparison result. 
[0015] the oxidizer gas manifold which warms a stack cooling means by which a 
temperature control means cools a fuel cell stack, and an oxidizer gas manifold 
warming -- it is suitable to include a means. 
[0016] Moreover, this invention is characterized by also offering the operating 
method of the fuel cell power plant of the above-mentioned configuration, and a 
control means controlling a temperature control means to maintain the 
temperature gradient of the stack temperature Ts and the oxidizer gas manifold 
temperature Tm in the predetermined range during operation of a fuel cell power 
plant. 

[0017] The stack temperature Ts and the oxidizer gas manifold temperature Tm 
are measured at the time of a halt of a fuel cell power plant, and a control means 
controls a temperature control means based on the comparison result. 
[0018] 



[Embodiment of the Invention] Drawing 1 is drawing showing the control system 
in the solid polymer electrolyte mold fuel cell power plant by this invention. 
[0019] The stack temperature sensor 1 is installed in the eel of the center of 
abbreviation of a stack so that it may measure the fuel cell stack temperature Ts. 
Moreover, the air manifold temperature sensor 2 is installed in an air manifold so 
that it may measure the temperature Tm in an air manifold. 
[0020] The stack temperature Ts and the air manifold temperature Tm which are 
measured by these temperature sensors 1 and 2 are inputted into CPU3. 
[0021] warming which warms the cooling means 5 for cooling the blower fan 4 
for CPU3 measuring the stack temperature Ts and the air manifold temperature 
Tm, and introducing air into an air supply manifold based on the comparison 
result, and a stack, and an air supply manifold - warming which warms a means 
6 and an air discharge manifold -- actuation of the temperature control means of 
means 7 grade is controlled alternatively. 

[0022] That is, although it generally becomes Ts>Tm during operation of a fuel 
cell, since an electrolyte membrane dries and membrane resistance goes up 
while water condenses within the air manifold which serves as low temperature 
from the stack and the gas passageway on the electrode by the side of an air 
pole is blockaded, when this condition is left, output voltage will decline, then 
the case where it becomes clear from the measurement result by sensors 1 and 



2 that it is Ts>Tm -- CPU3 - a blower fan 4 -- ON and the stack cooling means 5 
ON and an air supply manifold — warming ~ a means 6 — OFF and an air 
discharge manifold - warming » it considers as Ts=Tm substantially by setting a 
means 7 to ON. An electrolyte membrane is humidified, while the amount of 
water of condensation within an air manifold decreases and the 
gas-passageway lock out by the side of an air pole is prevented by this. 
[0023] Moreover, when it becomes Ts<Tm during operation of a fuel cell, 
condensation of water will arise within a stack. Although the water of 
condensation within a stack is useful to the part being absorbed by the 
electrolyte membrane and humidifying an electrolyte membrane, if condensation 
of water arises superfluously within a stack, it blockades the gas passageway on 
an electrode, then -- the case where it becomes clear from the measurement 
result by sensors 1 and 2 that it is Ts<Tm - CPU3 -- a blower fan 4 - ON and 
the stack cooling means 5 - OFF and an air supply manifold — warming - a 
means 6 - ON and an air discharge manifold -- warming - it considers as 
Ts=Tm substantially, using a means 7 as off. Thereby, the amount of water of 
condensation within a stack decreases, and the gas-passageway lock out by the 
side of an air pole is prevented. 

[0024] In addition, as mentioned above, since it is absorbed to some extent by 
the electrolyte membrane, in Ts<Tm, the temperature gradient to about 5 



degrees C is permitted, but since the water of condensation in a stack has the 
large bad influence which the water of condensation in a manifold has at 
gas-passageway lock out in Ts>Tm, it suppresses a temperature gradient at 3 
degrees C or less. During operation of a fuel cell, CPU3 is controlled so that Ts 
and Tm fall within a such temperature-gradient range. 
[0025] Moreover, in the case of the shutdown of a fuel cell, when the 
continuation stop time is a short period of time (for example, 1-2 day-and-night 
extent) and it is the outside air temperature which does not fluctuate whenever 
[ in a stack / maintenance water temperature ] greatly like spring or autumn 
Same control is performed also during operation described above immediately 
after the time of load cutoff, and load cutoff so that Ts and Tm may become 
predetermined temperature-gradient within the limits (3 degrees C or less of 
temperature gradients [ For example, setting at 60-90 degrees C. ]). 
[0026] When a continuation stop time continues for several days or its above 
long period of times, or when [ when the maintenance water in a stack 
evaporates and short-time shutdown also dries an electrolyte membrane, or ] the 
temperature up at the time of starting takes time amount to it according to 
outside air temperature being low like winter by outside air temperature being 
high like a summer, it controls as follows. 
[0027] Even after suspending the blower fan 4 after load cutoff, it operates for a 



while and the stack cooling means 5 is made for the stack temperature Ts to 
become lower than the air discharge manifold temperature Tm in a summer. 
Since condensation of water arises in a stack by this and the maintenance water 
in a stack becomes superfluous out of operation, the damp or wet condition of an 
electrolyte membrane is held during a halt period, and next warm-up time is 
shortened. 

[0028] while, starting the blower fan 4 after load cutoff on the other hand in 
winter - an air discharge manifold -- warming -- starting a means 7, the stack 
cooling means 5 presupposes that it is off. Since the air discharge manifold 
temperature Tm becomes lower than the stack temperature Ts by this, the 
moisture in the gas passageway on the electrode of the fuel cell under halt is 
discharged, and it can prevent that passage is blockaded in the stack 
temperature temperature up at the time of starting by the moisture in a gas 
passageway next time. 

[0029] in addition, the stack cooling means 5 and an air supply manifold - 
warming - a means and an air discharge manifold - warming -- the 
configuration of arbitration is employable as a means. For example, the stack 
cooling means 5 may be a water-cooled means which used cooling water also 
with air-cooling means, such as a cooling fan. moreover, an air supply manifold 
-- warming -- a means and an air discharge manifold - warming - although a 



means is generally constituted as various heaters, when a fuel cell power plant 
is mounted, it is also possible to constitute so that it may warm with radiator 
water. 

[0030] Drawing 2 is the schematic diagram showing the configuration of the solid 
polymer electrolyte mold fuel cell power plant by this invention, and the fuel cell 
10 is shown as a side elevation seen from the air pole (cathode) side. In this fuel 
cell, the air pole and the fuel electrode (anode) with which fuel gas, such as 
hydrogen, is introduced into the opposite side are arranged on both sides of the 
solid polymer electrolyte film so that it may be well-known. In addition, practical 
use is presented with many such fuel cell eels in fact as a stack by which the 
laminating was carried out. 

[0031] The air as oxidant gas is supplied to the air supply manifold 13 with a 
blower fan 12 from the air installation way 11, and is supplied to an air pole. 
[0032] By supplying hydrogen gas to the fuel electrode of a fuel cell, and 
supplying air to an air pole, a hydrogen ion moves in the form of a proton in the 
inside of the solid polymer electrolyte film, and a cell reaction is performed so 
that it may be well-known. At this time, by the air pole, it reacts with the hydrogen 
ion and electron which the supplied oxygen has moved, and water is generated. 
[0033] Therefore, in addition to unreacted oxygen, the produced water (steam) in 
an air pole is contained in the exhaust gas discharged from an air pole. 



[0034] Although this exhaust gas is fed into the air exhaust passage 15 from the 
air discharge manifold 14, since it connects with the air installation way 11 
through the circuit 16, air exhaust passage can reintroduce the exhaust gas 
accompanied by produced water into an air pole. 
[0035] That is, it connects with a circuit 16 and the exhaust air bulb 17 is formed, 
the constant rate [ exhaust gas / from an air pole ] according to the opening of 
the exhaust air bulb 17 of them is discharged out of a system, and a residue is 
reintroduced into an air pole through a circuit 16 and the air installation way 1 1 . 
[0036] Thus, the moisture which produced water (steam) permeated the 
electrolyte membrane according to the concentration difference by reintroducing 
the exhaust gas containing produced water into the air pole of a fuel cell 10, 
moved to the fuel electrode side, and moved to the fuel electrode side further will 
move to an air pole side as electroendosmose water, and it is performed 
efficiently [ humidification of an electrolyte membrane ], and on the average by 
round trip migration of these moisture. 

[0037] The opening of the exhaust air bulb 17 is determined by correlation with 
the exhaust-gas temperature from the output current value and air pole of a fuel 
cell 10, and although controlled by the control means (CPU) 18 to give the 
optimal water balance conditions for a fuel cell 10, since this control does not 
relate to the theme of this invention directly, explanation is omitted. 



[0038] In this invention, the air discharge manifold temperature sensor 20 for 
carrying out the monitor of the stack temperature sensor 19 for carrying out the 
monitor of the fuel cell stack temperature Ts and the air discharge manifold 
temperature Tm is formed so that it may be illustrated, moreover, warming for 
warming the cooling fan 21 as a cooling means for cooling a fuel cell stack, and 
the air supply manifold 13 — warming for warming the heater 22 and the air 
discharge manifold 14 as a means -- it has the heater 23 as a means. 
[0039] Based on the comparison result of the stack temperature Ts to which the 
monitor of these cooling fans 21 , a heater 22, and the heater 23 is carried out by 
temperature sensors 19 and 20, and the air discharge manifold temperature Tm, 
those actuation is controlled by way which was mentioned already about 

drawing \ by CPU18. 

[0040] Since a part of discharge air [ at least ] warmed at the heater 23 for air 
discharge manifolds is introduced into an air pole when a fuel cell power plant is 
constituted so that the air discharged from an air pole like drawing 2 may be 
reintroduced into an air pole through a circuit 16, the means (heater 22) for 
warming the air supply manifold 13 is omissible. 
[0041] In addition, air manifolds 13 and 14 and the moisture absorption material 
which absorbs moisture with the interior especially excessive to the air discharge 
manifold 14 can be installed. Although the thing of arbitration can be used as 



moisture absorption material, for example, a fibrous sheet or a porosity particle 
is built in the air discharge manifold 14, and the condensed redundant water is 
made to absorb. 

[0042] Moreover, it is desirable to build ion exchange resin in the air supply 
manifold 13, in order to purify the air supplied to a fuel cell stack. Since ion 
exchange resin generally has absorptivity, the effectiveness of preventing 
gas-passageway lock out is also expectable. 

[0043] 

[Effect of the Invention] Since it is what is controlled to store those temperature 
gradients in the predetermined range according to this invention, carrying out the 
monitor of stack temperature and the air manifold temperature in a solid polymer 
electrolyte mold fuel cell stack, the amount of moisture maintenance under 
operation of a fuel cell and in a stack is held in the optimal range, therefore an 
output is kept constant. 

[0044] Since condensation of the water within an air manifold is prevented 
especially, an electrolyte membrane can be held without the need of forming 
humidification equipment, to a fixed damp or wet condition by the amount of loss 
of the water vapor content in discharge air decreasing, and constituting so that 
discharge air may be reintroduced into an air pole. 
[0045] Furthermore, starting nature improves next time by controlling to make 



the moisture of optimum dose hold in a stack at the time of a halt of a fuel cell. 
Since this control is performed so that the amount of moisture maintenance of a 
stack may be appropriately adjusted according to outside air temperature in a 
summer, winter, or a long-term halt, warm-up time can be shortened sharply. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the control system by the 
giant-molecule solid oxide fuel cell power plant by this invention. 
[Drawing 2] It is the mimetic diagram showing the outline configuration of the 
solid polymer electrolyte mold fuel cell power plant by this invention. 



[Description of Notations] 
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% t> Jto^ffi^M© «fc 5 kx ^ -y ^ ft©^?*?afi* 
Tmt^sciaaMfEHrt (fefcAare o~9 o°cic 

[0 0 2 6] 38^#±^^0feb<a^nJJU:©<fc 

5 ftWBiHt^fes^?, h«© * 5 tn^ja^iS^ 
c . t <fc d mmmommw ±~? tx ^ y ^ f*j©^*^ 

m©^ o \m%mm^z. 1 1 * t)«3i&i^©ffat^M 

[0 0 2 7] Mmttt, ft^«»T^a7r>4^fflfc 
L^fe, X^y^^¥@:5*Uffe<©raf^lU 
X^ -y ^iSST s *^SCSffflv^*-;l/ FSfiT m<fc *3 

7j<©M*^ ix x ^ y ^ flcD«j# *wBg.if» <fc ■ b fe m 

[0 0 2 8] -73, a, ft#«f*SJil77y4 

^Siijt § t&ic, a«SPfflv-*-;i/ Finii¥® 7 % 
D> ^SMv^-^FaaTm^X^y^SST s 



(4) 



#P#F9-3 12 16 5 



?fiffifc$*##tfSEtiiSft, wmsatm<D7s*v turn 

[0 0 2 9] fcfc, X?-y^SP^K5, 
*-fl> Fi)PM»!3cfctf£«$^v~*-;l/ FftWet 
fc«ft*©#i/&#«JBr3C£tfT?#3o fc£X.& X 

* y mn^Vk 5 r ym<ommm^^ ^ 
[oo3o] H2tt*«^t«fe«]S^0#«)PseajiR 

0 ttS^ffi- (*V- F) ©fJfrBHfclIJffiHi: LT^S 

[0031] MikMtfz t L t©ss»«>§as& i i 

& j£ffl7 7^12 'te J; t) ffi««|&V-*->I/ F 1 3 

[0032] wR<D&*>\c s mmnmommm^ymis 

[0 0 3 3] Lfc^oT, S^«fr5>j#tt|2ft£#tti# 
[0 0 3 4] . C«W»JHj?Xtta^ffl"r-*-7V'F 1 4 

zQnmm 1 5 ta&As n§ ««, a«spffiB&'fc*if si 

Jgl 6^LTS^#ASSl 1 tSBK^nT^Sfeftv. 

•pftSfffl^X*S^ffik:WiA-r § c i: 

[0 0 3 5] t&t>%, fflHR&l 6tK«5LTSf^;l/ 

nmtmm^ i 6fe*t;^9AJS 1 1 ^lts 
M®cs»A?n§o 

[0 0 3 6] C©«fc9fcbT^£$7k£^;^tfJ# 
X^MWffil 0©^®fci?*£A£ft5£i:fc:<fc?K 

i: t rasasflK t s c 1 1 & *> , c 
n & 7j<#©a««c £ o t titi© *ns* m*&B. 

[0 0 3 7] 'SBcWK/*! 7©§ffi«:, ffiMfil 0CD 



«fe (CPU) 1 8fc«fcDfW»Stt« 

[0 0 3 8] #3SBte:*^Ttfc B*SftS<fc$fc^ jK 
S-fey^ 1 9 i^iffi?-*-^ FfiST 

h* 1 3*M-r5fc«)©JtaS¥®i:LT©t-^2 2, 

&£t/Sf»Etiv^*-;VF i 4*inSf sfe»©inii 

[003 9] cn^(DM\iyryz u #2 2fej; 
tffe:-^2 3{i, SS-bvy- 1 9tecfct>"2 01c j;^^- 
^ S ft'S X * -y ^ T s cfc tfSMSM F 
ta»Tm©it«Sie»fcS^V>T, HI tMLTKML/c 

<k 5 asffifc t, cpui8t*!3^n5 mtfi mm 

[0 0 4 0] a2 0±5H:^Cffi^6Sfttl*nSS^t* 

[0 0 4 1] ftfe, S«V-*-;l/F 13, 14, #t 
S&8Effiv~*-;l/Fl 4 tea, rt8P©*^a*^%!R 

©i/- h Sfc(i^?LRm?*S^tfcl V^iH-;!/ F 1 4 
[0 0 4 2] a»l«&^-*-;H« l 3icii, m 

mmmx $ v ^ t #«e « n s f w s & k -< * 

[0 0 4 3] 

[%0J3©?i)«] *5^k:J;n^ S^?@^#PKSK 
¥UMt Loo^n^ ©^fiM^FJTSIEHiciK 

»« < fe5tw» > r*fe©i?»s7'ci&, «m«a©MK 

X^>y^rt©7j<^«^«*WieHfc{S5f$n, L 
[0 0 4 4] fafc, ffl5H^-JJ-%-;l/Frt-eo*©«BSl^ 



(5) 



'#H¥9-3 12 16 5 



[0 0 4 5] £5»iC, MMftCfflWc&^TtK X 
[0ffi<Dffit|i«J?] 

3 CPU 

4 H77y 

5 X*"^?Wfg 



6 FMS¥f£ 

7 2«Sf ffi^-*-;i> FiDiSfg 
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